Y 3 Fe 5 O 12 (YIG) is a promising candidate for spin wave devices. In the thin film devices, the interface between YIG and substrate may play important roles in determining the device properties.
Spin waves (magnons) that have a large group velocity up to a few tens of μm/ns and a frequency in the gigahertz/terahertz range, [1] [2] [3] [4] are promising for the application of information transport and processing, [5] [6] [7] [8] [9] [10] as the conventional semiconductor devices are approaching their limitation. [11] One promising candidate material for the spin-wave devices [14] [15] [16] is yttrium iron garnet (Y 3 Fe 5 O 12 , YIG), [12] [13] [14] [15] [16] [17] [18] [19] [20] which has the smallest relaxation parameter, high Curie temperature, excellent chemical stability [5, [21] [22] [23] and a very low damping coefficient and thus allows the magnons to propagate over several centimeters in distance. [24] [25] [26] [27] [28] For the large scale magnonic circuits integration, YIG is usually required to be in the form of thin film with smooth interface and thickness in nanometer scale in order to be compatible with conventional silicon technology. [16, [28] [29] [30] In fact, the energy consumption can also be effectively reduced in the thin film YIG devices. [13, 31] Particularly, the nanometer-thick YIG film is highly desirable for construction of spin wave nonreciprocity logic devices and voltage switched magnetism. However, when the thickness of YIG film decreases, the effects of interface between YIG and the substrate are expected to become pronounced or even may completely dominate the properties of the entire devices. Therefore, it's of great significance to study the atomic structure, chemistry and electronic structure of interface of YIG thin film.
In this paper, we employ aberration-corrected scanning transmission electron microscopy (AC-STEM) and spectroscopy to study the YIG film on the gadolinium gallium garnet (Gd 3 Ga 5 O 12 , GGG) substrate. [27] The recent advancements of AC-STEM imaging enable us to directly visualize the atomic bonding at the interface. In addition, combining atomically resolved imaging and spectroscopy such as energy-dispersive X-ray spectroscopy (EDS) and electron energy loss spectroscopy (EELS) in the STEM mode allows us simultaneously to determine the elemental 3 distribution and electronic structures of the heterostructure. By combining these state-of-the-art electron microscopy and spectroscopy techniques, we reveal the interfacial bonding of YIG/GGG is FeO-GdGaO. No significant elemental diffusion is observed at the interface. The EELS measurements show that the electronic structures of interfacial Fe remain the same with that in the interior film. Such atomically sharped interface in both chemistry and electronic structures indicates it is possible to fabricate ultrathin YIG film for future nanodevices for which no intrinsic interfacial zone exists at the YIG/GGG interface. The detailed structure information also provides necessary information for future atomistic simulation of the interface. and GGG have the same garnet structure. The mismatch between YIG and GGG is smaller than 0.05%. [32] This makes the high quality and defect-free unstressed film fabrication possible. In addition, for the best matching, we also dope YIG by lanthanum lightly. [7] Therefore, no dislocations are observed at the interfaces for all these YIG thin films.
The atomically resolved EDS maps of YIG are shown in Figure 1 indicates the width of the transition area is equal to the width of 1.9 unit (2.3 nm). However, it 5 should be noted that the practical interfacial region should be even thinner due to the presence of delocalization effects from the EDS measurement. Therefore, we conclude that no significant interdiffusion takes place at the interface.
To reveal the local electronic structure of the YIG/GGG interface, core-loss electron energy loss spectroscopy (EELS) experiments are carried out on the Titan Cubed Themis G2 300 aberration-corrected transmission electron microscope with the Gatan Enfinium TM ER (Model 977) spectrometer. film. [32] [33] [34] [35] The integration of L 3 and L 2 (marked by rhombus) is shown in Figure 3(c) , from which we can obtain the width of the transition area is 1.8 nm, which is consistent with the EDS measurements.
The nature of the interface usually plays important roles in the properties for thin film devices.
Particularly for those devices with nanometer scale, the interface properties could be dominated. By there are no intrinsic interfacial effects for YIG thin film devices. The finding of atomic arrangement of interface structure provides necessary information for the future atomistic simulation such as density functional theory calculations.
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Supporting information
The red arrows mark the same atom plane of two different zone axis directions which are [ 21] in Figure S1 (a) and [3 ] in Figure S1 
